The purpose of this study was to compare the effects of three different corneal refractive surgeries: microkeratome laser in situ keratomileusis (LASIK), femtosecond laser in situ keratomileusis (FS-LASIK) and femtosecond small incision lenticule extraction (FS-SMILE) on 6-month postoperative stability of tear film to provide a basis for selection of operative procedures. Patients and methods: This is a prospective, randomized, comparative study that included 90 eyes of three equal groups of patients. Each group was subjected to a different laser technique: LASIK, FS-LASIK and FS-SMILE. Using anterior segment spectral domain optical coherence tomography (AS-SD-OCT), the lower tear meniscus parameters were measured preoperatively and 1 week, 1 month, 3 months and 6 months postoperatively. Changes were studied and compared.
Introduction
Refractive surgery is one of the commonest cosmetic procedures performed all over the world. Many treatment options are available, and different procedures have been used. These include the conventional laser in situ keratomileusis (LASIK) in which a microkeratome is used to make a surgical flap followed by stromal ablation, femtosecond laser in situ keratomileusis (FS-LASIK) in which pulses of short duration are used to create a thin-hinged corneal flap without using any blade followed by stromal ablation and femtosecond small incision lenticule extraction (FS-SMILE) in which there is no flap and only small laser incision to extract the lenticule (stromal tissue removal) and stromal ablation have been replaced with refractive lenticule removal. 1, 2 Most people who undergo these procedures may encounter at least some dryness, which may be temporary and mild or severe and permanent. The etiology for this postoperative dry eye is not known, but ocular surface disruption during the procedure is commonly considered to be related to the development of dry eye. The most commonly accepted theories suggest the following: 1) the interruption in the corneal nerve fibers at the time of flap creation, followed by decrease in corneal sensitivity, decrease in blink rate and rise in the tear film evaporation by tissue ablation; 2) when a microkeratome is used, it causes a pressure on the cornea during flap creation, which may harm conjunctiva goblet cells leading to an unstable tear mucin layer. This may cause the tears to evaporate fast and leave the exposed cornea dry; 3) the newly corneal curve may affect how the tear film overlays the cornea with subsequent changing of the epithelium ocular surface leading to a dry eye; 4) in addition, osmolarity changes due to the reduced blink rate can lead to dryness. [3] [4] [5] [6] [7] Tear meniscus is a thin strip of tear fluid with concave outer surfaces at the upper and lower lid margins. It contains most of the exposed tear volume. The absence of a tear meniscus is an indication of a dry eye. Several technologies can be used to assess the tear meniscus but have the disadvantage of being invasive. Invasive dry eye tests might cause false-positive or false-negative results. A traditional noninvasive method of measuring the tear meniscus is the slit lamp. However, it is not always easy to identify the tear meniscus. 8, 9 Anterior segment spectral domain optical coherence tomography (AS-SD-OCT) is a noncontact technology with a high resolution that enables the precise visualization of anterior segment structure. It is highly sensitive and specific for diagnosing dry eye and correlates well with the Schirmer's test, tear breakup time and the patient subjective symptoms. The lower tear meniscus parameters measured by AS-SD-OCT could be a more sensitive tool to evaluate postoperative dry eye than the conventional clinical tests. 10 The drawbacks of using optical coherence tomography (OCT) to measure tear meniscus are the relatively high cost of the instrument and the fact that it provides information only on the quantity of tears.
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Patients and methods
This prospective randomized comparative study was performed in Ain Shams University hospitals in the period between August and December 2017. All procedures in this study adhered to the Declaration of Helsinki's ethical principles for medical research involving human subjects and were approved by the Faculty of Medicine, Ain Shams University Research Ethical Committee. A written informed consent was obtained from all participants.
inclusion and exclusion criteria
This study included 90 eyes of 45 healthy adults. Preoperative eye refraction of all patients was between -1.75 and -9.50 diopters. They all had a stable refractive error during the previous 2 years (progressing by ,0.5 diopters annually). The exclusion criteria included diabetes, glaucoma, systemic collagen or immune disease, corneal disease or abnormality, a history of tear replacement therapy, contact lens wear during the past year and those who used drugs that affected tear secretion and tear film stability such as corticosteroids and anti-glaucoma drugs.
In this study, there was blinding in the measurements and analysis. Tear film was measured for all patients blindly, preoperatively. The patients were distributed in a random way by a ratio of 1:1:1 to the three LASIK procedures. Neither the investigator or patient had influence on treatment received. The groups were labeled as A, B and C. Each group went through a different LASIK technique. The first group of patients was subjected to the conventional microkeratome LASIK (Allegretto WaveLight EX500; Alcon Laboratories, Inc., Fort Worth, TX, USA), the second group of patients was subjected to FS-LASIK (Refractive Suite from Allegretto wave light for Femto LASIK; Alcon Laboratories, Inc.) and the third group of patients was subjected to FS-SMILE (ReLEx femtosmile; Carl Zeiss Meditec AG, Jena, Germany).
surgical methods
All patients were treated by the same surgeon; all patients were superficially anesthetized with benoxinate hydrochloride 0.4%. In the LASIK group, the corneal flap was made using the microkeratome followed by the ablation of corneal stroma. In the FS-LASIK group, the corneal flap was made with femtosecond (FS) laser followed by the ablation of corneal stroma. In the FS-SMILE group, the FS laser scanning was performed and the corneal refractive lenticule and cap-shaped micro-incision were prepared. After separating free lenticule, lenticule extraction was performed through the micro-incision. 
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Tear meniscus after lasiK, Fs-lasiK and Fs-sMile using as-sD-OCT the SMILE group was consistent with that of the LASIK and FS-LASIK groups.
Postoperative management
Patients in all groups received levofloxacin eye drops four times daily for a week, and fluorometholone 0.1% eye drops four times daily for a week, and then tapered over the following month. Carboxymethylcellulose sodium eye drops were given four times daily for 2 months after operation. Refresh plus preservative-free lubricating eye drops were used for all patients. All patients were instructed to stop the drops 3 hours prior to examination.
Postoperatively, in all patients, the tear meniscus parameters were measured after 1 week, 1 month, 3 months and 6 months by an operator who was blind to the randomization.
Measurement of the lower tear meniscus parameters was performed by AS-SD-OCT (Cirrus HD-model 5000; Carl Zeiss Meditec AG, Jena, Germany). Images were taken immediately after blinking. Scan protocol was high definition cornea. The anterior segment rastol line was applied at 90° (vertical scan) at the junction between lower cornea and lower lid margin. After focusing of the instrument with a crossline (CL) centered on lower tear meniscus at 6 o'clock of the cornea, a 6 mm long scan was obtained. The tear meniscus height (TMH; μm), the tear meniscus depth (TMD; μm) and the tear meniscus area (TMA; mm 2 ) were measured with the help of a caliber integrated in the OCT software and calculated by using the integrated analysis system available in the custom software.
Changes in the lower tear meniscus parameters were studied among each group over the different follow-up periods, and comparison was performed between the effect of the three LASIK techniques (Figures 1 and 2 ).
statistics
There was also blinding in the analysis of the study. The statistician was not aware which group the results belonged to. Data were entered in an Excel sheet, edited and cleaned. Analysis of data was performed using three-factor repeated measure analysis of variance (ANOVA) with techniques as well as between height, depth, area, follow up time and the eye. Pairwise comparisons were done using Turkey's honest significant difference test. In all tests, a P-value of #0.05 was considered as statistically significant. The Statistical Package for the Social Sciences (SPSS version 24.0, IBM SPSS Statistics; IBM Corporation, Chicago, IL, USA) was used for the statistical analysis.
Results
The patients' age in this study was 31.7 ± 7.6 years for the microkeratome LASIK group, 31.1 ± 8.9 years for the FS-LASIK group and 30.0 ± 6.1 years for the FS-SMILE group. Patients in the microkeratome LASIK group had a spherical equivalent of refraction between -1.75 and -9.00, those in the FS-LASIK group had a spherical equivalent of refraction between 2.25 and -9.5, and those in the FS-SMILE group had a spherical equivalent of refraction between -3.00 and -9.25, and all had astigmatism of ,-2.00 diopters.
Compared with the baseline values, all tear meniscus parameters such as height, depth and area dropped after 1 week to the lowest level and started to increase over the follow-up period.
Regarding the TMH, TMD and TMA, there was a statistically significant difference between all points of follow-up and between the three techniques (Tables 1-3) .
In pairwise comparison between the TMH in the three LASIK techniques at different follow-up points, there was a statistically significant difference between FS-SMILE and FS-LASIK in the first week (P = 0.003) and first month (P = 0.002) postoperatively. There was no statistically significant difference in TMH between both techniques after 3 and 6 months postoperatively. The FS-SMILE technique showed the least drop in TMH compared to the other techniques after 1 week, returned to lie within the 95% confidence interval (CI) of its preoperative level after 1 month and remained within the preoperative level thereafter. The FS-LASIK technique showed a larger amount of drop after 1 week and 
1340
shaaban and Badran remained lower than its preoperative level till 6 months when it returned to the preoperative level (Table 4) .
There was no statistically significant difference in TMH between FS-LASIK and microkeratome LASIK techniques after 1 week and 1 month, but there was a statistically significant difference between both techniques at 3 months (P = 0.019) and 6 months (P = 0.032) postoperatively. There was a statistically significant difference in TMH between FS-SMILE and microkeratome LASIK through all points of postoperative follow-up (P , 0.001 and P , 0.007; Table 4 ). However, LASIK showed the largest amount of drop and failed to reach the preoperative level and remained the lowest compared to other techniques at all points of time ( Figure 3) .
In pairwise comparison between the TMD in the three LASIK techniques at different follow-up points, there was a statistically significant difference in TMD between FS-LASIK and microkeratome LASIK at all the follow-up points. There was no statistically significant difference in TMD between FS-SMILE and FS-LASIK or microkeratome LASIK at all points of follow-up (Table 5) . With FS-SMILE, TMD started to increase from the first month; with FS-LASIK, the increase started after 3 months and with both techniques, the TMD level returned to its preoperative level after 6 months. With microkeratome LASIK, TMD remained low at 6 months ( Figure 4 ).
In pairwise comparison between the TMA in three techniques at different follow-up points, there was no statistically significant difference in TMA between FS-SMILE and FS-LASIK at all points. All other pairwise comparisons between microkeratome LASIK and the other two techniques were statistically significant at all postoperative follow-up points. P = 0.001 for FS-SMILE and P = 0.005, P = 0.004, P = 0.002 and P = 0.006 for FS-LASIK at 1 week, 1 month, 3 months and 6 months follow-up, respectively (Table 6) .
With FS-SMILE and FS-LASIK techniques, TMA started to increase after the first week and attained the preoperative level at 6 months. However, with microkeratome LASIK, TMA showed the largest amount of drop and failed to reach the preoperative level till the sixth month ( Figure 5 ).
Although the patients' mean age in this study was 31.7 ± 7.6 years for the LASIK group, 31.1 ± 8.9 years for the FS-LASIK group and 30.0 ± 6.1 years for the FS-SMILE group, which is considered a little bit high, there was an early significant recovery of the tear meniscus parameters in the FS-SMILE technique followed by the FS-LASIK technique. The recovery was as early as 1 month in the case of FS-SMILE.
Discussion
Corneal refractive surgery may change the stability of tear film because of injuries to nerve fibers and ocular surface 
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Tear meniscus after lasiK, Fs-lasiK and Fs-sMile using as-sD-OCT epithelium. Safe and effective corneal refractive surgery correction methods for myopia are LASIK, FS-LASIK and FS-SMILE. Dry eye is considered to be the most common complication after surgery. Mechanical microkeratome and FS-LASIK are used to create corneal flaps during LASIK surgery. Compared with microkeratome, FS-LASIK provides better predictability of flap dimensions and improves the quality of the optical surfaces. 12 The FS laser is an infrared laser with a very high power. It works in the form of pulse, and can focus and separate the tissue and form plasma. Under the influence of the plasma, the FS laser may form laser blasting effect and make the tissue produce microbubbles. A large number of microbubbles are connected and produce a very precise cutting effect. 13 These two factors may reduce the incidence of postoperative dry eye.
14 In FS-SMILE, the flap is replaced with small FS incision and the stromal ablation is replaced with refractive lenticule removal. The optical surface is protected from a flap and from ablations. These factors are more protecting for the corneal epithelium and may further reduce the incidence of postoperative dry eye.
The AS-SD-OCT used in this study has been confirmed to be used for both quantitative evaluation of the tears and diagnosis of dry eye syndrome. It has a high sensitivity and specificity in diagnosis and has the capacity to detect early changes in tear meniscus after refractive surgery and to facilitate investigation of dry eye throughout the follow-up period after surgery. 11, 14 The parameters of the lower tear meniscus may better represent the total tear volume than those of the upper meniscus, and the changes in lower TMH might be a more sensitive indicator of dry eye than changes in area. 15, 16 In this study, we did compare the effects of LASIK, FS-LASIK and FS-SMILE on all the parameters of the lower TMH, TMD and TMA through different postoperative follow-up periods of 1 week, 1 month, 3 months and 6 months. With all three techniques, all parameters dropped after 1 week of surgery to the lowest level and started to increase in the postoperative follow-up periods. With microkeratome LASIK, TMH, TMD and TMA showed the largest amount of drop after 1 week, failed to reach the preoperative level after 6 months and remained the lowest compared to other techniques at all points of follow-up (Figures 3-5 ). Based on these findings, it is concluded that LASIKassociated dry eye is significantly higher in the microkeratome group during the 6-month follow-up period.
Multiple studies had been performed to study the effects of LASIK on the tear stability over different postoperative times. Yu et al 17 reported that LASIK significantly altered the tear film stability and patients frequently experienced dry eye symptoms after the procedure. On the contrary, Patel et al 18 reported that the average TMH and stability are not affected by LASIK, but there is considerable variability between individual eyes. Tao et al 19 showed that the upper and lower 
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shaaban and Badran tear menisci volumes decreased 1 month postoperatively in patients who underwent LASIK and recovered to preoperative levels by 20 months. In this study, the FS-LASIK group showed a larger amount of drop in height after 1 week and remained low till 6 months when it retained its preoperative level. TMD and TMA returned to the preoperative level by the sixth month. Although there was no statistically significant difference in TMH between LASIK and FS-LASIK after 1 week and 1 month, there was a statistical significant difference between them at 3 and 6 months (Table 4 ). These data indicated that the FS-LASIK may result in a lower incidence or severity of dry eye at the early stages after surgery.
In the 3-month study, Salomão et al 7 found that the incidence of LASIK-associated dry eye was significantly higher in the microkeratome group than in the FS group. With the absence of significant differences between the microkeratome LASIK and FS-LASIK groups in tear menisci at 1 week, 1 month and 3 months, they concluded that the FS-LASIK may not result in a lower incidence or severity of dry eye at the early stages after surgery. Another 3-month study done by Xie et al 20 showed no significant differences in the tear meniscus parameters between the microkeratome LASIK and FS-LASIK at 1 week, 1 month and 3 months, indicating that the FS-LASIK may not result in a lower incidence or severity of dry eye at the early stages after surgery. It was found that, similar to 
Notes:
The Fs-sMile technique showed the least drop and returned to 95% of its preoperative level after 1 month. Fs-lasiK reached to its preoperative level at 6 months, while microkeratome lasiK did not. Abbreviations: TMh, tear meniscus height; Fs-sMile, femtosecond small incision lenticule extraction; Fs-lasiK, femtosecond laser in situ keratomileusis; lasiK, laser in situ keratomileusis; CI, confidence interval. 
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Tear meniscus after lasiK, Fs-lasiK and Fs-sMile using as-sD-OCT other studies, dry eye symptoms occur during the early stages after LASIK, peak at 1 month after surgery and later decrease gradually during the first year after the surgery. [21] [22] [23] Other studies indicated that dry eye occurred after LASIK surgery with both microkeratome and FS laser. 21, 24 However, whether the FS laser reduces the incidence or decreases the severity of dry eye symptoms compared with the microkeratome is still controversial. 7, 24, 25 The reason behind this controversy could be the fact that both microkeratome LASIK and FS-LASIK techniques involve many important variable factors apart from the difference in the method of flap cutting. Both techniques are used for patients with different inclusion criteria, performed by different surgeons, using a variety of different surgical and diagnostic equipment and following different follow-up protocols. The way of cutting the flap could have a different effect on the wound in some patients, and the ablation process in both techniques could be a more influential factor for eye dryness. These potential variations may result in such differences in results.
The FS-SMILE is a kind of flapless micro-resection surgery; its advantages such as small incision and light damage to the corneal nerve are conducive to rapid recovery of nervous tissue. 10, 26, 27 In this study, the FS-SMILE technique showed the least drop in height compared to the other two techniques after 1 week. The TMH returned to lie within the 95% CI of its There was a statistically significant difference in TMH between FS-SMILE and FS-LASIK after 1 week and 1 month, but there was no statistically significant difference in TMH between FS-SMILE and FS-LASIK after 3 and 6 months postoperatively. There was no statistically significant difference in TMA between FS-LASIK and FS-SMILE at all points of follow-up time, postoperatively. The microkeratome LASIK tear parameters were the lowest. The FS-SMILE showed obvious advantage over FS-LASIK and LASIK in tear film stability, especially in recovery courses very early at 3 months postoperative.
A number of studies have demonstrated a lower reduction and faster recovery of corneal sensation after FS-SMILE than FS-LASIK. [28] [29] [30] A study done by Chen et al 28 to compare the postoperative long-term stability of tear film and cornea after FS-SMILE and FS-LASIK indicated that the SMILE group had better tear film stability. The SMILE group recovered faster during the 3 months after operation and were maintained stably until 12 months after operation. The FS-LASIK group demonstrated slower recovery. However, these injuries can also recover over a long term after operation.
Another study concerning dry eye after both SMILE and FS-LASIK concluded that dry eye is a transient condition that occurs in association with both techniques. SMILE does not show obvious superiority over FS-LASIK, but it may have milder subjective symptoms. 29 Comparing postoperative ocular surface integrity and innervation between FS-SMILE and FS-LASIK, the SMILE procedure has fewer negative impacts on the ocular surface and corneal innervation than did FS-LASIK. FS-SMILE shows superiority over FS-LASIK by exhibiting a lower risk of postoperative dry eye. 30 
Conclusion
We believe that all the three techniques are safe, effective and predictable. We also think that the sooner the parameters of the lower tear meniscus, especially the height, returned to their preoperative values, the lesser the incidence of dry eye in the early postoperative period. However, dry eye symptoms are expected to occur less frequently after FS-SMILE than after FS-LASIK or microkeratome LASIK. This is because the anterior stroma is disturbed only by a small FS incision 
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Tear meniscus after lasiK, Fs-lasiK and Fs-sMile using as-sD-OCT to extract a lenticule and there is no flap or ablation. The TMH with FS-SMILE returned almost to its preoperative level by the first month, and the TMH with FS-LASIK height started to recover from the third month to the sixth month. Microkeratome LASIK shows slower recovery.
